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AMENDMENTS TO THE CLAIMS 

The lining of claims will replace all prior versions and listings of claims in the . 
application: 

T Jstm^ of Claims: 

\ 1. (Cancelled) 

2. (Previously Presented) The solid slate energy converter of claim 17, further 
comprising a collector region in thermal communication with a cold heat exchange surface, the 
'collector region being in electrical and thermal communication with the gap region, 

3. (Previously Presented) The solid state energy converter of claim 2, wherein the 
Rap region is adjacent lo the collector region. 

4. (Original) The solid state energy converter of claim 2, further comprising a first 
ohmic contact in electrical communication with the emitter region. 

5. (Original) The solid state energy converter of claim 4, further comprising a 
.second ohmic contact in electrical communication with the collector region, 

6. (Original) The solid state energy converter of claim 5, wherein the first and 
second ohmic contacts close an electrical circuit through an external load for heat to electricity 
crjn version. 

7. (Original) The solid stale energy converter of claim 5, wherein the first and 
second ohmic contacts close an electrical circuit through an external power source for electricity 

1 : ' to refrigeration conversion. • • 
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8. (Previously Presented) The solid state energy converter of claim 1 7, wherein the 
emitter region comprises a metal or a highly doped semiconductor. 

9-11. (Cancelled) 

12. (Previously Presented) The solid state energy converter of claim 17, wherein the 
p* doping concentration of the /Mypc barrier layer relates to the n doping concentration or the 
gap region as p, > n, {m* p /m\\ where m* P is the effective mass of holes, m*„ is the effective 
mass of elec trons, and subscript r denotes ionized fraction of carriers at a given temperature. 

13. (Original) The solid state energy converter of claim 2, wherein the collector 
region comprises an additional injection barrier layer with a carrier concentration p** that is 
adjacent to the gap region to reduce a thermoelectric back flow componcxit. 

14. (Previously Presented) The solid stale energy converter of claim 2, wherein the 
collector region comprises an additional compensation layer with acceptor concentration p* 
serving as a blocking layer at a cold side of the converter, and the acceptor concentration p* 
being the sumo as the donor concentration in the gap region. 

15. (Previously Presented) The solid stale energy converter of claim 2, wherein the 
collector region comprises two /Mype layers, one layer with a carrier concentration p* serving as 
a blocking layer at a cold side of the converter, and the other layer with a carrier concentration 

serving as an additional injection barrier layer and being adjacent to the gap region to reduce 
a thermoelectric back flow component. 

16. (Original) The solid state, energy converter of claim 13, wherein theyj** doping 
concentration of the additional injection barrier layer relates to the n doping concentration of the 
gap region is i>, > », (>»% /»i*„), where m* p is Ihe effective mass of holes, m*„ is the effective 
mass of electrons, and subscript i denotes ionized fraction of carriers at a given temperature. 
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17. (Currently Amended) A solid slate energy converter with ?j-lypc conductivity, 
comprising: 

an emitter region in thermal communication with a hot heal exchange surface, the 
emilicr region comprising an /?-type region wilh donor concentration «* for electron 
emission; 

a yi-lype barrier layer wilh acceptor concentration />* a4}aee»He hLco nlacl wit h 
the emitter rcgionrte-/Myp»-bam«^^ 
Pem«-teV'©Wise0i»lHiwiiy; and 

a segmented gap region adjacent in co ntact wilh to the ;>-lype barrier layer and 
comprising a fust layer of an_«-lype semiconductor material, and a second layer of a 
meltil or a different highly /J-doped semiconductor material, the second layer reducing 
heal flow density^vvhercjn th e p-ivoc ha r rier layer provides a potential bac rier_ancLa 
Perm.! te vd dis corqinuitv bet ween the emi tt er region and the segme nted gap rcftion. 



18. (Original) The solid state energy converter of claim 17, further comprising a first 
Ohmic contact in electrical communication with the emitter region. 

19. (Original) The solid state energy converter of claim 17, further comprising a 
second ohnric contact in electrical communication wilh the gap region. 

20. (Original) 'flic solid state energy converter of claim 17, wherein the first layer is 
al least 1 electron scattering length wide. 

21. (Original) The solid slate energy converter of claim 17, wherein the first layer is 
at least 5 electron scattering lengths wide. 
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22, (Currently Amended) A solid state energy converter with yrtype conductivity, 
comprising: 

an emitter region in thermal communication with a hot heat exchange surface, the 
emitter region comprising a /?-type region with acceptor concentration p* for hole 
emission; 

a semiconductor gap region with an acceptor doping p, the gap region in electrical 
and thermal communication with the emitter region, wherein the gap region is segmented 
and comprises n first layer of an p-ty pc semiconductor material and a second layer of a 
metal or a different highly d oped /Mv pc semiconductor material; and 

an H-lype barrier layer with donor concentration n* t44terposed in contact whl\ 
between the emiltcr region and with the gap region, the w-type barrier layer configu red to 
provide providing a potential barrier and Fcrmi-lcvcl discontinuity between the emitter 
; region and Ihe gap region, 

23, (Previously Presented) The solid slate energy converter of claim 22, further 
comprising a collector region in thermal communication with a cold heat exchange surface, the 
collector region being in electrical and thermal communication with the gap region. 

24, (Previously Presented) Hie solid state energy converter of claim 23, wherein the 
gap region is adjacent to the collector region. 

25. (Original) The solid .state energy converter of claim 23, further comprising a first 
ohmic contact in electrical communication with the emitter region. 

26. (Original) The solid state energy converter of claim 25, further comprising a 
second ohmic contact in electrical communication with the collector region. 

27. (Original) The solid state energy converter of claim 26, wherein the first and 
second ohmic contacts close an electrical circuit through an external load for heat to electricity 

conversion. 
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28, (Original) The solid stale energy converter of claim 26, wherein the first and 
second obmic contacts close an electrical circuit through an external power source for electricity 
to refrigeration conversion. 

29. (Currently Amended) The solid slate energy converter of claim 22, wherein the 
gap region is at least I carrier scattering length wide 

30, (Original) The solid state energy converter of claim 22, wherein the gap region is 
at least 5 carrier scattering lengths wide. 

31 . (Currently Amended) A solid stale energy converter, comprising: 
a thermal diode stack comprising: 

a rust diode with a design structure of n *//>//? on a hot side of the 
converter, the h* representing a w-typc emitter region with a donor concentration 
the p representing a /Hype harrier region with an acceptor concentration />, 
And the n representing a rc-type segmented gap region with a donor concentration 
/; and comprising n first layer of an n-lvpc semiconductor material and a second 
layer of a metal or a different hi ghly doped n-lvm semiconductor material, 
wherein the barrier layer is configured to provide a potential barrier tmd Fermi- 
level discontinuity between the emitter region and the gap region; a«d 

a plurality or diodes having the same structure as the first diode and 
SOnn^tcdjwith th e (irst diode ; and 

an faycr t hat terminategjh^pln ralitv of diodes on a cold side of the 
converter with a nn* lay er, 
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32. (Currently Amended) A solid slate energy converter, comprising: 
a ihermal diode slack comprising: 

a first diode with « design structure of n*/p/n/p c on a hot side of the 
converter, the w* representing a w-type emitter region with a donor concentration 
»*, the /> representing a /Mype barrier region with an acceptor concentration p, the 
n representing a segmented >i-type gap region with a donor concentration n and 
comprising 0 first layer of a n n-tvpc semiconductor material and a second layer of 
a metal or r different fri ghlv do pcd^Hype semiconductor material, and the p c 
representing a /J-type compensation layer acting as a collector blocking barrier 
with acceptor concentration /;*, wherein the barrier layer is configured to provide 
a potential barrier and Fermi-level discontinuity between the emitter region and 
the gap region; and 

a plurality of diodes having the same structure as the first diode that 
terminate on a cold side of the converter with an ri* layer. 

33. (Currently Amended) A solid state energy converter, comprising: 
a thermal diode stack comprising: 

a first diode with a design structure of n*/p/n/p, on a hot side of the 
converter, the rt* representing a /7-type emitter region with a donor concentration 
/>*, thc/> representing a ;?4ypc barrier region with an acceptor concentration^, the 
n representing a segmented u-type gap region with a donor concentration n and 
comprising a first layer of an w-type semiconductor material and a second layer of 
a metal or a different highl y doped u-ty pc semiconductor material, and the p, 
representing an additional /Mypc barrier region with an acceptor concentration 
wherein the barrier layer is configured to provide a potential barrier and 
Fermi-level discontinuity between the emitter region and the gap region; and 

a plurality of diodes having the same structure as the first diode that 
1 terminate on a cold side of the converter with an n* layer. 
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34. (Previously Presented) A solid slate energy converter, comprising: 
a thermal diode stack comprising: 

a first diode with a design structure of nVpMp/pc on a hoi side of the 
converter, the /i* representing a //-type emiltcr region wilh a donor concentration 
n*. the p representing u ;>-type barrier region wilh an acceptor concentration y>, the 
n representing a n-typc gap region with a donor concentration n, the />,. 
representing an additional /Mype barrier region wilh a donor concentration #>**, 
and the p, representing a />lyy>e compensation layer acting as a collector blocking 
barrier wilh a donor concentration of p*, wherein the barrier layer is configured to 
provide a potential barrier and fcrmi-level discontinuity between the emitter 
region and the gap region; and 

a plurality of diodes having the same structure as the first diode that 
terminate on a cold side of Ihc converter with an n* layer. 

35. (Currently Amended) A method for converting thermal energy to electric 
energy, or electric energy to refrigeration, comprising: 

injecting carriers into an /v-type gap region from a highly doped n* emiller region 
through a /viype barrier layer positioned between the emitter region and the gap region, 
wherein: 

ihc barrier layer is configured to provide a potential barrier and l'crmi- 
lcvel discontinuity between the emitter region and the gap region; and 

the gap region is segmented and comprises a first layer of an n-type 
semiconductor material and a second layer of a metal or a different highly d oped 
/i-typc semiconductor material; 

allowing for discontinuity of corresponding Fermi-levels; and 
forming a potential barrier lo sort electrons by energy. 
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36, (Currently Amended) A method for converting thermal energy to electric 
energy, or electric energy to refrigeration, comprising; 

injecting carriers into n ;>-typc gap region from a highly doped p* emitter region 
through an w-iypc barrier layer positioned between the emitter region and the gap region, 
wherein: 

the barrier layer is configured to provide a potential barrier and 1'cmii- 
levcl discontinuity between the emitter region and the gap region; and 

the gap region is segmented and comprises a first layer of atw^tyjie 
semiconductor material and a second layer of a metal or a different highly doped 
M-lvp e semiconductor material; 

allowing for discontinuity of corresponding Fcrmi-lcvels; and 
forming a potential barrier to sort electrons by energy. 

37. (Previously Presented) A solid stale energy converter, comprising: 
a thermal diode stack comprising: 

a first diode with a design structure of p*/n/p/n/n c on a hot side of the 
converter, the p* representing a p-type emitter region with an acceptor 
concentration p*\ the n representing a /?-typc barrier region with a donor 
concentration the p representing a p-type gap region with an acceptor 
concentration p, the n, representing an additional w-typc barrier region with a 
donor concentration w**, and the n c representing a >i-typc compensation layer 
acting as a collector blocking barrier with a donor concentration of n*, wherein 
the barrier layer is configured to provide a potential barrier and Fcrmi-lcvel 
discontinuity between the emitter region and the gap region; and 

a plurality of diodes having the same structure as the first diode that 
terminals on a cold side of the converter with ap* layer. 
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